Upper jejunum and terminal ileum were examined in specified-pathogenfree (SPF), conventional and conventional after SPF rearing (ex-SPF) rats. The effect of 2 different diets on the last 2 groups was examined.
precautions
required to prevent infection, they are more expensive than Category 1 animals; nevertheless they are becoming widely available for experimental use.
H is important to know how these Category 4 rats differ from those in Category l. The literature contains no information on the intestines of Category 4 animals, and this paper reports an investigation of the differences in intestinal structure and epithelial replacement between animals in Category l, Category 4, and animals reared under Category 4 conditions, but changed at weaning to a Category 1 environment ('ex-Category 4').
MATERIALS AND METHODS
Male albino Wi star rats were obtained from the Nottingham University Joint Animal Breeding Unit, Sutton Bonington, Leicestershire, where 2 rat colonies are maintained, conventional and specified-pathogen-free (SPF). The conventional colony is composed of healthy animals not maintained under barrier conditions (Category 1); the SPF colony is not yet of sufficient size to be accredited by the Laboratory Animals Centre, but the system of management and the results of microbiological tests to date would place the colony in Category 4.
All animals were housed in groups in plastic cages, at a temperature of 21°C, with 12 hours light in 24 (0800-2000), and given food and water ad libitum.
They weighed 240-260 g at the time of the experiment (10-12 weeks old). Because autoclaving commercially obtainable pellet diets made the pellets hard and brittle, sterilised Joint Animal BreedingVnit Rat Diet No.5 (JABU diet) was used (Tables I & 2) . Before autoclaving this pellet diet is relatively soft, but is of an acceptable hardness afterwards. Table 3 shows the experimental design and the differences between the 5 groups of animals. 3 groups of rat were fed on JABU diet, and 2 on 41B (Pilsbury's Ltd, 21 Priory Road, Edgbaston, Birmingham, B5 7UG). Each group contained 11 rats, of which 6 were weighed weekly from weaning to 240 g. 
I
To arrest mitosis, all animals were injected intraperitoneally with a solution of 'Colcemid'; (CIBA Laboratories, Wimblehurst Road, Horsham, RH12 4AB) between 0900 and 1000, and the small intestine was washed out, fixed between 0,5 and 2·5 h later, and then examined as described by Clarke (1974) . Specimens were taken from 2 sites in each intestine, at points 10 and 95 % of the small intestinal length from the pylorus.
These correspond to 'upper jejunum and 'terminal ileum'.
Comparisons between 2 groups of animals were made using Student's 't' test. Regressions of colchicine-metaphases per crypt against time were compared using the variance ratio ('F' test; Snedecor & Cochran, 1967) . To analyse the effects arising from 'diet' and 'environment after weaning', the data from 4 of the experimental groups were subjected to a 2-factor analysis of variance (Remington & Schork, 1970) .
RESULTS
The numerical results are summarized in Tables 4 and 5, and may best be evaluated by asking 3 specific questions.
1. What is the effect of changing the environment of a rat from a Category 4 to Category 1, and how does a rat thus treated compare with a rat reared under Category 1 conditions on the same diet?
2. What are the effects of the different diets and colony of origin?
3. What are the differences between Category 4 rats on the JABU diet and Category I rats on 4lB ? 
rats on J A BU diet
In the upper jejunum, villus height, crypt depth and crypt :villus ratio (the number of crypts per villus (Clarke, 1970) ) were not significantly different in Category I and ex-Category 4 rats, but in Category 4 animals the villi were shorter (P<0'05), the crypts were shallower (P<O'OOI) and the crypt:villus ratio was greater (P<O'05), when compared with the other 2 groups. The rate of accumulation of colchicine-metaphases was similar in Category 4 and ex-Category 4 rats and slightly higher in Category 1 rats, although this did not show as significant in the severe statistical test employed.
In the terminal ileum the same pattern was seen for crypt depth and colchicine-metaphase accumulation, but there were no significant differences between the groups for crypt:villus ratio.
Villi in the terminal ileum of ex-Category 4 rats were taller than those in Category 4 rats or Category 1 rats (P<O·OOI and <0·05 respectively).
Analysis of variance of effects of diet and environment before weaning
Diet. For both jejunum and ileum, the JABU diet resulted in taller villi (P<O·OOI and <0·01 respectively), no significant difference in crypt depth (P>O'lO at both sites) and a lower crypt:villus ratio «PO·OOI and <0·05 respectively).
This analysis cannot be performed on the data for colchicine-metaphase accumulation rate, but inspection of Tables 4 and 5 shows a consistently lower accumulation rate in the animals fed the lABU diet. Colony of origin. The results described in the I st section are reflected here. For both jejunum and ileum crypts were significantly deeper in the Category 1 rats than in the ex-Category 4 (P<O·OOI and <0·01 respectively) and the crypt:villus ratio was not significantly different.
The rate of accumulation of colchicine-metaphases was higher in Category 1 rats. Villus height differences depended on site; there was no difference in the upper jejunum, but villi in the lower ileum of the Category I animals were consistently shorter (P<O·OI).
There were no significant interactions between diet and colony of origin.
Comparison of Category 4 rats on fARU diet and Category I rats on 41R
This is a comparison of the intestines of rats obtained direct from the respective colonies.
The pattern was the same for jejunum and ileum. There was no significant difference in villus height or in crypt :villus ratio. Crypt depth was significantly greater in the Category 1 rats (P<O·OOI for both sites), and colchicine-metaphase accumulation rate was also significantly greater in the Category 1 rats (P<O·OI).
Age at which the body weight of 240 g was reached Table 6 shows the age at which the mean bodyweight of 6 rats in each group reached 240 g. Category 4 rats reached it earliest, followed by ex-Category 4 rats, then Category 1 rats.
Rats on 41B diet reached this weight earlier than those on lABU diet. There are no previous studies on the intestines of Category 4 ('specifiedpathogen-free') rats. Investigations on Category 5 ('germ-free') rats have been described for various parts of the smaIl bowel, and have not always stated the diet on which the animals were fed. In summary, however, compared with 'conventional' rats, 'germ-free' rats had taIler duodenal villi (Meslin, Sacquet & Guenet, 1973) with more cells on them (Galjaard, van der Meer-Fieggen & Giesen, 1972) and a longer transit time (Galjaard et al., 1972; Guenet et al., 1970) , crypts the same size (Galjaard et al., 1972) with a pro-]iferative compartment of similar size (Ga]jaard et al., 1972) , and ]abelling and mitotic indices no different (Post, Wilson, Sklarew, Pachter & Hoffman, 1972) or lower (Guenet et al., 1970) . Ileal villi were shorter (Mes]in et al., 1973) , with a lower mitotic index (Guenet, et al., ]970) .
In contrast to Category 5 rats, Category 4 rats had shorter villi and much shallower crypts than their 'conventional' counterparts. Villus transit times were not measured, but cell production rates per villus (colchicine-metaphase accumulation rate X crypt :villus ratio) for the 'upper jejunum' were 484 (Category 4) and 489 cells/viIlus/h (Category 1), and for 'terminal ileum' 187 and 285 cells/villus/h respectively.
Jejunal villus transit time in the Category 4 rats is thus unlikely to be longer than in Category 1 rats, since the jejunal villi are shorter, although the ileal time might well be longer in Category 4, since Category 4 villi are being supplied with only 65 % of the cells required for Category 1 villi of about the same height.
Since the ileum has a much higher bacterial content than the jejunum (Nygaard, 1967) , the absence of pathogenic species might be expected to have more effect in the ileum. as reflected here in the cell production rates per villus.
The transfer of Category 4 rats to a 'conventional' environment at weaning does not result in their identity with Category 1 rats; morphologically the jejunum is indistinguishable in terms of the measurements made, although the cell production rate is lower (332 cells/villus/h), while the ileal villi are taller, with a cell production rate of 200 cells/villus/h, similar to that in the Category 4 rats. Thus after 6-8 weeks in a 'conventional' environment the ex-SPF intestine is still different from that of a 'conventional' rat, although the intestinal flora is 'conventional' within 8 days in mice (Khoury, Floch & Hersh, 1969) .
The crypt :villus ratio increases with age (Clarke, 1972) . The age at which rats on the different regimes reached 240 g was measured to see whether the observed differences in crypt :villus ratio could be attributed to age. Since the Category 4 rats at 240 g were younger than their 'conventional' counterparts fed the JABU diet (Tab]e 6), age cannot account for their higher crypt: villus ratio.
Similarly, the lower crypt :villus ratios in rats fed the JABU diet are associated with greater age, and again another factor must be responsible. The mechanisms which control crypt :villus ratio are unknown, but since the crypt :villus ratio increases with age by replication of crypts (Clarke, 1972) , it is possible that this increase in crypt :villus ratio represents a response to a demand for more proliferative cells. This is consistent with the higher cell production rates per crypt in the rats fed diet 41B, but would not explain the high jejunal crypt :villus ratio in Category 4 rats, which have a lower cell production rate per crypt.
The differences in intestinal structure and epithelial replacement which can be attributed to exposure to the 2 diets point to the desirability of establish-ing a standard sterilized diet for Category 4 and 5 animals, and the importance of specifying the dietary history of experimental animals.
It is not possible to relate differences in the constitution of the 2 present diets to their intestinal effects without further investigation.
The intestines of Category 4 rats thus appear to be different from those of Category 5 '(germ-free'), and the differences (shorter villi and crypts) must presumably be due to the presence of non-pathogenic commensal organisms in the gut of Category 4 rats. It is generally accepted that bacteria in the gut accelerate epithelial replacement, by an unknown mechanism, but increased cell production is usually associated with deeper, not shallower crypts.
This discrepancy can only be resolved by a direct comparison between 'germ-free' and 'specified-pathogen-free' rat intestines, but until this is made, the present investigation suggests that the differences between 'germ-free' and 'conventional' rat intestines are due to the presence in the 'conventional'
intestine, not only of pathogens, but also of commensals.
